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ABSTRACT
. 7 THE ABSORPTION SPECTRA OF MERCURY IN
KRYTPON, ARGON, AND NITROGEN'
The @bsorption spectra of mercury in solid krytpon,

‘argon,. andvnitrogenxwefe obtained at 16°K and 20°K with molar
ratios (Hbét:mepcury):6f\i000:1. The €lectronic transition
investigated was the 2536.5 & line of mercury (63P1_-6¥SO).:
The absorption: .spectra of mercury in krypton and argon exhibit
poorly resolved triplet character, while the spectrum of mer-
gurj‘in nitrogen: exhibits no triplet character. The spectrum
7of\mercury in krypton and argon can be explained in terms of
removal of the P state orbital degeneracy of the mercury atom
by the host. However, this ékplanation implies that the spec-
trum of mercury in nitrogen should exhibit triplet character
‘éomparable-ﬁd that seen in the spectrum of mercury in argon.
The multiplets can also be -explained 'by assuming that one
Compdnéntiis caused by isolated mercury atoms and: that thev
.rEmaining}compﬁnénts are cauégd by interactions between pairs
-of mercuty atoms. trapped at .sites (3) .and (0) and. {5). and. (0)...

" In the krypton and argon lattices: there are fercyty atoms: 7
tfapped at’sitgsv(4) and (6),;but the pbpulatiqns of ‘these
sites are so small relatiyé to the pgﬁulatigns of sites (3).
(5); and (73 {12, 8, 24.,: 24, 'and' 48 respectivély) that theif

cqhtfiputiqns to ﬁhglsPEQtr;'are not resolvable. Site (7)

e e e e o e e e e e\ e o o e e e & et o el e e e eV e ke e e e e o e = o §Lirrn
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has high enough population but the transition enetgy of a
mercury atom trapped there is not resolvable frgm that of
thé isolated atomic téansit;on, Since all of thw Sites in

7 thernitngenwiattiéé'héve'rqughly the same popuXation, the
ﬁairewise iﬁteraction‘expianation,predicts that there §hould

be ro triplet character to the spectrum of mercmry in nitrogen.
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CHAPTER I
INTRODUCTION

Several authqrsl‘ﬂ have reborte§'6n~the spectra of
atoms trappéd in inert solids. The spectra obtained con-
gisﬁed of multiplet structures shifted to higher energy than.
the energy of the transition of thé free atom. The shift in

enérgy has been explained ih terms of interactions bétween

the trapped atom and the gas host atoms. fresently, there

are two explanations of the observed multiplet stricture.

One_ interprets the multiplet structure as evidence: of the:

removal of the orbital degeneracy of the. trapped atom by the
environment of ‘the ftiost lattics:1-2 The other suggests that
some of the -components: of thé multiplet structure are due to
interacticns between pairs of impurity atoms. trapped at non.-
nearest neighbor sitqs;in’thé hqét,lattﬁée.3‘4: )

Brith and ‘Schneppl have investigated removal of orbital

degeneracy of thé atémic P state for magrnesium atoms in solid

argon. $Since the crystal structure of argon is face-centered

‘cubie, no such removal is to. be expected for a perfect sub-

étitutionai site. Therefore, distorted impurity sites have

to be considered in an effort to interpret the eyperimental

observétions. The authors: investigated dispersion as well as

covalent interactions. to -determine which of these terms can




cause the observed splitting in the presence of reasonable
lattice distortions., They-concliuded. that contributions. by
both of these terms to the observed splitting energy are of )

importance, Thé order of magnitude of the observed. $plitting

‘enerqgy can. be explained on the: busis 6f boths a distorted

impurity site. as well ag an adjacent vacéncy site. Tn these
models. the site symmétry of the impurity -site is at most Doy,
(in. the former case) but riay be as low as G, (for a single.
‘adjacent vacancy). In spite -of this: relatively low symmetry,
the calculations predict the .splitting of the atomic P state
into only two components. The observed spectra for metals in
inert hosts conéist of two components ih gome cases, but more
often, of thiree or:more components. Additional distortions
to the ones inéluded in the distorted site model considered
by Brith and Schnepp could account for these observations.

It.mustvbe‘;emémbered; however, that the obsérved lines are

—— s

discrete. and this fact %equires':egula;ity‘df distortion. at
a majorityeof’sites sincg‘raﬁdqm distortions would give rise
to a broad continuum: Therimpqrity*métal atom may .cause’ the
éystematic occurrence of vacancies in its immgéiatefneigthr-
hood, bﬁt’mofe Ehan‘qng such vacancy is required in order to
.account fop the observation of three cqmppnenés;

Andrews and'Piment$;3’havetsuggegted that some 0f the
multiplet sﬁructure can be explained Ly aésuming‘ﬁhat thé mem-

bers: of the multiplet aretthe.regultswof’t;ansitighs of isqlated’ ;

P




3
atoms: -and iﬁté;éqting*pgirs of impurity atoms trapped at non-
nearest neighbor ‘sites. in the host sclid.. The transition

- energy for an iriteracting pair of trapped .atoms may ‘be deter-
imined~qualitativelyfby treating the interacting pair as .a
wedkly bound diatomic moleculé'having an internuclear separa-
tion equivalent to the distance between th¢ non-nearest
neighbof,dccupﬁed‘siteé, The transition energy is f£hén deter-
miqed"from‘the known poﬁentidg curves of the diatomic molecule.
Thé object of this paper is to examine the spectium
of‘mercurf in solid.nit;ogeh-and its. rélation-‘to the spectra
bfgmefcury'in solid kryptot. and argohf ‘The results of this
work should remove sémeﬂgf:the questions concerning the-qbsgrvéd;
multiplet structure -of mercury in solid hdsts since nitrogen
posseésesip:bperties that S;e bptg simiiQr to and discernible

from the pgoPéztieé~of”krYtpbn and ‘argon,
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CHAPTER II
EXPERIMENTAL

The spectra of mercury in krypton, argon, and‘nitrpgen
were obtained on a McPlerson 2.2 meter vacuum spectQrgraph
and .monochromator equipped with a. 1200 line-pér-mm‘gfating
blazed at 1500 R. A slit width of 50 was used for all of
the spectra. Aw E.M.I, 6255?~phbt§multipliér tube was used
Eo record the spectra photoelectrically using a Kepco ABC.
-2500M D.C. high Voltage power supply  and a»Kithly'414 micro-
microammeter connected to é“LeeGS‘and Northrup Speedomgx W
chart recorder. 7

A hydrogen SOurqg'wasAuééd to previde a continuunm
from about 1900 & to- 2900 . {Mefcu:y~re£&rehée;liqes were
provided by a mercury laifip mounted beh.j.nd, the hydrogen: lamp;
Figure 2-1 gives the experimental aﬁrangement~9f~the equip-
ment uSed’ in obtainihg thé spectra.

The rare gas and mercury atémSVWére deposited on a

sapphire window which was .¢ooled: by -an Air Products AC-2L

-

o .0
£ 16"

Cryotip to' a ‘teniperature © K. ‘The témperature of the
cold window' was measured using a. Au-Fe yersu8acopber thgfmoe
couple located betwéen the indiumigasket and the sapphire
window in conjunction with a Leeds and*Nérthrupumq@éi~9834

null detector and: model K-4 potentiometer. 'The vacuum in the

e e e e e e e Y e o e e e e e e
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-giving a ‘mercury vapor pressure of 5 microns

e et e e e e e e e e e T e A = mm e o e e e e e e e e e

6

cryotip was maintained at 4 x‘19“7wt6rf using a 2 iach Veeco
diffusion pump. with LN, cold ‘trap and monitered using a Veeco
ionization gauge.

The depositing apparatus consisted of a mercury reser-
voir, a gas +resérvoir, and the cold window, Figure 2.2. The
temperature Qf the mercury reservoir was maintained at 31° C
S“uSing a water
bath and: an immersion heater copneétgd<td;a rheostat. The
pressure in the mercury réservoir was meaggred'using a Veegq
thermccouple gauge. The pressure=in-thee§§s resécvoir was
maintained at about :600. mm throughout the deposit and was
measured using,-a Wallace and Tiernan model FA-145 dial mano-

meter. The rate of gas flow from the gas reservoir into the

mercury reservoir was adjusted to .give a molar ratio (gas:

mercury) of 1000:1 uUsing a Granvilie-Phil;;ps variable leak,.
The rate of flow:of the gas-mercury mixture -on to the cold

window was monitgreé by the interference method4 and was main-

_tained between .07/¢ and .Zp¢ per minute using a needle valve.

Total deposit, tim~s ranging from 3 to 15 minutes‘érogucéd
sample thicknesses ranging from .87 to 2.5u. Throughout
tﬁe~§epdsit the'pressure in the»cryétip ﬁeﬁained about 6 x
10“5 torr. The spectra were rggcn@eduphqtogfaphically on
Ilford Q1 plates with. exposure times of 14 -seconds £o~sAmin-
utes‘dépeﬁdihg.onﬁthe thickness of the deposit, These plates

have been placéd on file in the office of' Dr, C. E. Blount,
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CHAPTER III
RESULTS AND DISCUSSION

The near ultraviolet absorption spectra of mercury
trapped in solid krypton, argon, and nitrogen were obtained
from samples deposited at 169K and 209K with molar ratios
(host: mercury) of 1000:1. The spectra corresponded to the

2536.5 R atomic transition of mercury (6°P,.-615 ).

1
Thé spectrum of mercury in krypton at 16°K, Figure
3.1, consists of a poorly resolved triplet located teo hiéher
enérgy»than‘the 25 36.5 & line of Hg. A better resolved trip-
let was obt@ained bY-Merrithew4 for a deposit temperature of

25°K. The spectrum of mercury in argon at 16°K, Figure 3.2,

consists of a poorly resolved multiplet located to higher

energy than the 2536.5 & line of Hg. The width of the multiplet

is consistent with réSultstobtained,by«Mg:r;thew4 for mercury
in xenon. However, the triplet of mercury trapped in xenon
was better resolved. At lower molar ratios (200:1), a broad
band is observed at lower energy than the triplet for Both
argon ahd‘kryptgn, The frequencies of the Qbserved‘ﬁéngs and:
their widths at half-maximum are -given in Table 3.1.

1

Brith and. Schnepp™ have asserted that the observed

triplet may be due to the removal of -degeneracy of the excited

e i = ok ol W o e e e o & st ____
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Figure 3.1. Microdensitometer Tracing- of the Absorption

-Specira of Mercury in Solid Krypton at 16° K
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state, 63B by the host environment. This theory is con-

1/
sistent with results obtained :for inércury in .argon, krypton,
and xenon where triplet separations were found to increase
with increasing static. polarizability of the host (xenon 39.9

3, argon 16.2 x 10~23 em’)

% 10~25 ¢ém3, kiypton 24.6 x 10-25 cm
Table 3.1 ’
The spectrum of meércury in solid nitrogen, Figure 3.3;

consists of a narrow band and a broad absorption band to lower

energy.. The frequencies of the bands and their widths .at thalf-.

maximum are listed in Table 3.2 The peak of the broad band

at 200 K is 221 qm"l lower in energy than the peak at 16° X.
: The ‘high energy band in. hitrogen, 40516-cm?f, unlike

the high energy band in argon, 40613 em~l, is not of sufficient
width (nitrogen 117 em~!, argon 253 em~l) to indicate multiplet
character. The low\energy'béndSépf mercury in nitrogen, 40151
dm-l at 169K and 39930 -cm~l at 200K, compare to: the b:oadeandf
in argon; 39976 cm~l, found at. low molar ratios. Nitrogen has
a Tg (Pa3). structure;with tetrahedral site symmetry, 'while
-.argon has éwoi(Fm3m)stnuqture with octahedral site symmetcy.
Therefore the sjite symmetgy of nitrogen is equivalent to -or
iess than ‘that of argon. Since the static polarizability .of
nitrogen is approx@matelysequa; to that -of argon (nitrogen

=25 cm3 and argon 16.2wxa10”25.¢m§Y, according to the
Eheory of Brith and Schnepp, removal -of orbital degeneracy by

the nitrogen should produce a. spectrum of mercury in nitrogen
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comparéble to the spectrum of mercury in argon.
According to Merrithew? the multiplet structure can

be explained by assuming that the members of the multiplet are
the results of transitions of isolated mercury atoms and inter-
acting pairs of mercury -atomi trapped at non-nearest neighbor
éfﬁes in the host solid. The transition energy for an inter-
actings pair of trapped mercury atoms may be determined quali-
tatively by treating. the pair as a weakly bound diatomic mole-

ijule ‘having an interniclear separation equivalent to the dis-

tance between the non-nearest neighbor occupied sites. The

enefgy'is then found from the 'diatomic potential curyves of
mercury, Figure 3.%. 7

In tue.faceeéentereg cubic lattice, the crystal struc-
ture of xeron, krypton, and .argon, nQn-neiéhbqring sites (3),
(5), -and. (7) have larger populations ‘than other neighboring
sites (see Appendix). The~transition‘enérgy‘af site (7)., how~
ever is close to. the transition energy of thé isoléted’gtém

and: will not be resolved in the spéctrum. Therefore, the only

_ components .observed are those due to isolated atoms and interz

el M e

acting pairs of mercury trapped at sites (3) and (Q)'and sites
(5) and (0), As the molar ratio (host:mercury) is decreased,
the- intensity Qf a band to the loﬁ,gnérgy‘side of the sharp
band- is observed to.inérgase, This,inCreasé;inrihiensity 6f
the low eneigy band is associated with én increaée in thg—

possiBility of mercvury atoms being trappéd in neighboring




Figure 3.4.

potential Curves for the Ground :and Excited

Staces of —Hg2 ) _ o i
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sites in the host lattice or dimers. As the temperature of
the agposit is increased, the intensity of the broad band is
againrobsérvéd to increase. This increase in inténsity is
also associated with the formation of dimers. As the tempera-
ture of the deposit increases, ‘mercury to mercury diffusion
increases: and therefore :the number of neighboring meércury

atoms relative to nori-neighboring mercury atoms increases.

'The separations between:the isolated transition and the dimer

fg:‘xeﬁbnfl‘kpyPton, and. argon were found to be relatively
‘constant, =573 ém“l, =567 cm~l, and -637 .cm~l respectively.
Since neither the energy of the isolated atomic ‘transition
nor the énergg of the dimer transition is a function of the
unit cell separation.-of the lattice, thz position of the: dimer
relative toithe isolated transition would not be expected to.
vary greatly in the different hosts. The,assignménts\of the
observed Spectral components: of mercﬁry in krypton :and argon
and:évcomparison of the -experimental results with thoéé~gbtaineé
for Hg, are given in Table 3.1. 7

The form of nitrégen, the predominant form at
temperatures under 359K, all non-neighboring sites have approx-
imately the same ‘population (see Appendix): ﬁééggaihg to the
theoty of péirwi#eiinteraétfon, the spectrum of mercury in
nitrogéﬁ éhoﬁld;consist‘of~oge‘BanQ<duéthlisolgted'atomic
‘transitions and. one broad band dﬁe to;thgiunresogvable=nbn-

neighboring interactions located to lower energy. The peak

e o P POy . B oy S R e S T e e
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19
of the broad band of the spectrum of mercury in nitrogen
shifts frqm{-'365\cm'.'i at 16°K to -363 em™t at 20°K. As pre-
viously ‘mentionéd, at higher deposit temperatures (20°K -
250K) the spectra pfrmercury in krypton and argon both
exhibit a broad band between -560 cm~l and -640 cm”! from the
isolatéd transition due to the formation of dimers. There-
fore, the ghift of the peak of the: broad band in nitrogen. at,
20“X may be attributed. to the ‘incredsed migration of non-
héighbbring mercury atoms to form dimers. The assignments of
the observed spectral components of mercury in nitrogen and
a -comparison of the experimental results wiéh»thoséﬁobtained

for Hg, are inen in Table 3.2, -

L R PAp UV PO
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CHAPTER IV
CONCLUSIONS,

The multiﬁlet structure observed .in the spectra of mer-
cury in argon and krypton has been explained by assuming that
the high energy Qbmpghents are due to well isolated mercury
atoms while the rémaining components are due to Hg-Hg inter-
actions*betwéen mercury atoms trépped at non-néarest sites in
the host sdlid. The lack of mul:i'iplet structure in the spectra
of mercury in nitrogen has been shown to be associated ﬁi;ﬁ the
structure of nitrogen. Since the many non-neighboring sites
in nitrogen- have approximately thg same populaticn, only one
broad band and the isolated line are obéggved. 7

Thé shift to highér energy- of the isolated :and dimer
‘bands from the 2536.5 & lihe of mercury varies as a fuﬁgtipn
of decreasé in the static pélarizability of thé host solid.

The ‘separation in energy between: the dimer band and the iso-
lated band were found to be the same for diffecent hosts.
Therefore, the difference betweer the effects of the host solid
on a trapped mercury‘atom abd their effegts on the dimer or Hg2
are indistinguishable froﬁ:their spectra. This effeét,wou1d ‘
make it possible to construct quantiative: diatomic potential
curves in the inter@ediéte regions from spectroscopic data

obtained from mercury atoms in solid ré;eAgasés.
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APPENDIX

Figure A-1 is an illustration of the face-centered

.Cubic lattice, the crystal form of the rare gases. The near-

est neighbors (1) are noted along with non-nearest neighbors
(2) through (10).. The population and -distance from the origin,
site (0), of ‘each of these non-néargest neighbor sites are
listed in Table A.1,

Figure A-2 is an illustration ¢f the form of hitro-
gen, the predominant structure for temperatures less than 35°%K.

The structure is a face-céntered cubic composed of Nz'mole,

‘cules. As a result there are a large number of nearest

neighbbr and non-nearest neighbor interaction distances ail

having: approximately ghe:populatfon. Table éﬁl lists: these

.distances and their populations.
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Figure A-1.
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TABLE A.}
NEIGHBOR DISTANCES AND POPULATIONS
IN ‘KRYPTON, ARGON, AND NITROGEN
Site Distarices (®) and Population
‘Krypton Argon Nitrogen
1 4.00 (12) 3.76  {12) 3,61 (6)  4.47 (6)

3.66  (6)  4.51 <(6)

2 v 5.66 (6) ‘ 5.32 «6) 5.14 (4)  6.36 (4)
5.68 (4) -
3 6.93. (24) 6.52 (24) 6.22 {6) 7.23 (12)

6.74 Ciz) 7.26 (6)
6.77 (6  7.26 (6)

4 8.00 (12) 7.52 (12) 7.17  (3)  8.12 (6)
’ 8.04 (12)  8.90 (3)

5 8294 (24) 8.41 (24) 8.41  (6) 9.20 (3)
8.44¢ (&) 9.21 (6)

8.81 «6)  9.55 (£)

‘ 8.86 (6)  9.61 (6)

6 9.80 " (8) 9.21 (8) 8.75 (1) 10.23 «(3)

9.55 {3) 10.90- (1)
7 978 ®
7 10.58 (48) - 9.95 (48) 9.8t (6) 10.81 ’(rg>‘
: ' - 10,14 (12) 10.82 (12)
10.16  (6) 11.14. (12)
10,48 (12¢  11.16 (12)
10050 (12)  i1.45 )
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PART XX ;

ABSORPTION SPECTRUM. -OF SOLID.XENON

C. E. Blount

Firal Report

Conttact No, ‘Nonr N00014.-66-C0195

e Physics Branch
Cffice of Naval Research

Washington, D.C. 20360
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£ S : ‘ ﬁﬁ?
’ In an effort to .extend our understanding of inter-
molecular forces, experiments are presently being conducted
. on the absofptidn spectrum of xenon in the vacuum ultraviolet
for a range of tempe:éture betygenr3.5°K and 30°K, To date
the abégfption spectrum of xenon at 209K has been recgrdéd
oﬁgphotograﬁﬁic plates; ThisfwaS'accdmplished using fan Air
f 'EroduCts AC-3L cryotip,f;ttea to the entrance siit‘gf a
% McPherson. 2.2 ‘meter vacuum spéctrogfaphx The spectrograph
is equipped with a 1200 line per mm grating blazed at 15004
é ~ and uses a diffusion. pump along:with two mechanical pumps to
z achxave a>Vacuum of 15;6'tc:r5 Flap valves give ready access
% to the film. chamber and entrance slit, Figure 1. The absorp-
? t;énfspeqt:a‘can»be/récéf&ed éifher‘phdtogréphiéally’or;pﬁotc,
% -eiectfiqg;ly.usihg a: sadium salicyléie coated window and an
g ﬁMl’9514S“photomdltiplier<tube. ‘Spectrograms are m;dé usirg
é ' IIford Q2 plates. ' ,
ég V The kryptén source: is prqdu&gdfby microwave .excitax ;
i tiénthdxcgoiqd’by~a%stregmséf éqmbréSSéd~air, Sufficient
i, -amounts -of darﬁgn‘ané‘nitfogen impurigies‘are'brgéent.té pro-
Ef vide:seyerai‘u$gfur,emi5§i6n referénce lines.
' ‘The dooling léad— of the cfyotip is a LiF window »mo',mﬁéd'
f. in azﬁopﬁér §loqk, 7fhé}winéow-£eﬁpéfature is npégured~using
31 K épl@“O;Qf% at iron versus: copper thermocouple ldéated
3 - between the window and the indium.gasket, Figire 2. The
cryotip i évacuated by a LN, trapped Veeco 2 air cooled
;
54
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diffusion pump backed by a Welch 1403 mechanical pump. Dow
Corning 705 oil is 'used because of its low backstreaming
qualfty§ A Veeco ionization gauge i$§ used to check the pres-

7‘t6rr.

sure, & typical value after 24 hours being 8 x 10~
Air reduction research grade xenon is deposited on
the cold window through -a Granville-Phillips variable leak in

conjunction with a cold trap consisting of dry ice .and ethanol.

7Theidepositris=limited to shogt duration because X-ray studies

have shéwn that amorphous st;ﬁcture:is,kePt,to a minimum- for
fast\dgpositions: 7

1485, 1360A, and 1300A.. Presently, the lower limit of the
absorption fegion is cut off duertérunwanted material being
trapped on the qbld?yindow. N5, 05, and-“Co2 ébébrp‘strongly
in;this.fegion of the vacuum ultraviolet andtdiffusion,pump
o0il sScatters the Iight from the source considerably..

‘The source of the material .covering the cold window-

appears to be internal tc the systein. The whole System has

been checked thoroughly for leaks with a Veeco mass 'spectro-
meter leak:dgtegtgr: To extend the. region of observation to
the cut 6ff:faf LiF several modifications are being made. @A

Veeco coéxial foreline trap‘lqdated‘bétween,ﬁhe diffusion pump
and £he‘high vacugm‘wili’é;iminégétthe»bgéksgpéahing4d£<di£e
fusion pump oil. This trap is simidar to that uséd by Alpertl

to achieve high vacuum with diffusion pumps. To minimize

o L U L 2 VRO - S

[ RN
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desorption. of. gases from.the\syStem walls, técﬁniqués used for
ultra high vacuum will be implemented., The -construction of the
system will be entirely of stainless steel with all demount-
able o-ring seals composed of viten, In addition a mild
bakeéout should«prove”helpful. A Varian VacIon pump will take
over thé*pumpipgsSQb uggnxthévattainmgnt of moderately Bigh
vaduum (10‘87tbrr) to provide cléan pumping adjacent to- the
' region of experimentation.

~ The broduqt of this research will be experimental
information on 'the nature of intermolequlaf forces for xenon.,
Currently ﬁhis-infbrmétion is avaidable only for the emission

spectrum of kenon’obtained.by’Taqaka.z—’

~lD. Aipert, "Recent Advances in Ultra-<High Vacuum

'Techp016gy}",Adyaqpes iqvVacdum Science .and ?eéhno;ggx, ti. I,
p. 31 (1960).

- 2¥. Tanaka, .private communication,
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TEMPERATURE DEPENDENCE OF THE MATRIX ISOLATION

SPECTRUM OF BFiNZENE
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R. B. Merrithew, G. V. Marusak, and C. E. 'Blount, Journal .of

D

n

Molecular Spectrostopy, 25, 269 (1968).

The near ultraviolet spectrum: of benzene in a nitrogen matrix
‘was obtained for deposit‘tempetaturéS»of 4,29k, 17.59K, and

20.49K, The spectruf of benzene for the matrix formed at

& (U e S e ""\?Z"W?"ZZ’“W"W"’%"
. o

20.4°K consists of single bands (the O + 516 transition along
with the 923 vibra%ion and its overtones). The spectra
obtained at 4.29°K and 17.5°K were composed of doublets: (the
0+ 516 and 0 + 95 + 516 for 4.2°K and the 0 + 516 + and

0 + 93 + 516 for 17.59K).. The ratio of intensity.of the

doublets is 2.5 to 1 at 4.2°K and 1 to 1.1 at 17.5°K.

B, F a2
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NEAR~ULTRAVIOLET ABSORPTION SPECTRA OF BENZENE IN

INERT MATRICES*

G. Marusak and C. Blount, Fulletin of.the. American Physical

Society, 12, 200 (1967).

The near uv- absorption spectra of benzene in Solid Af, Kr,
and Ny at 4. 29K were obtained on a 3.4-m spectrograph. The
2600-8 system of benzene is an electrcnic forbidden transi-
tion (Algmi Béu) which Pecomes alldwed: because gf an e,
molecular vibration. The matrix-isolated spectra exhibit a
‘shift=plus-multiplet structure when compared with the spec- ;
trum of benzene vapor. The :observed red shift increases ‘with
increasing polarizability of therhogt, By comparison with

the work conducted on the;mally:stre§sed ¢rystalline benZené,l

it is concluded that the multiplet structure of ‘the trapped - .

benzene is .due to~the removal of the e vibrational degen-

, 29
eragy'by the host. Aq,additional spligting‘OBServed in the

speétruh of benzene in Ar is assumed to be caused by*t#p

different symmetry sites: in the. Ar matrix.

1v. L. Broude .and M, I. -Onoprienko, Opt,. i Sgékfroékbpiya,

—'

'8, 332 (1960).

e e o e e e e o b e cme o o e et [




)

R R T R
4 ;«";5'! v
;

P

L~

“r«m-@ ™

LARE NS

T TR Ty e G T

o
¢
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ABSORPTION SPECTRA OF METAL ATOMS IN SOLID XENON.

" II. :MERCURY AND CADMIUM

R. B, Mérrithéw and C. E. Blount, Bulletin of the American

Physical Society, 13, 907-908 (1968).

The near-ultraviolet absorption spectra of mercury and ¢admium
in solid xenon at 20.49K werée obtained on a .2,2-m ?aguuﬁ
spectrograph. Xehon to metal atom molar ratios of 250: 1

.and 806: 1 were. used. Therelegtronic transitions investi-

gated were the 2536-3flinevof mercury (63? <« Eygé); The

1
ébsq;ptidn spectrd of the trapped atomS‘exhibit~ﬁultiplets

‘having a higher eneigy than the gas-phase transitions.

Thage multiplets: can bg~explaigéd by'assuming 1 component
due to isolated atoms and otﬁef components due to inter-
acting»pé;fsrof»atom$,ﬂrapped,at'nqn;néarest-ne;ghbor sites.
in the‘so;id} The energy of the interacting,ﬁairs.is ob-

2° )
Theugﬁgrgy»diﬁfenénéénobtainednﬁrbmvtheadiatomicupbtentéal

cuives'afe +iz—g‘withinvthosejébtained expérimentally.
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ABSORPTION' SPECTRA OF METAL ATOMS IN

SOLID XENON. I. LITHIUM AND SODIUM

G. V. Marusak and €. E, Blount, Bullétin of the American

Physical; ‘Society, 13, 907 (1968).

The absorption: spectra of lithium and sodium atoms trapped in

s0lid Xenon at 4.5°K were QbEained~ph6tographically using a

1-m grating spectrograph. Xenon to metal molar ratios :of
250: 1 and 500: I werz uged. The~67oérgfdoublet'of lithium
(22p1/2, 3/24»,2251/24 éhq the 5890-%, 589513 doublet of
sodium (3?p§/27 3/2 4--‘32'S<1:'/;2)< were ihvéstigated; The. absorp-

tion spectra of the trapped atoms .exhibit multiplets having

7 a:higheriehergy than- the gaé—phaSewtransitions.r:These

‘ multiglgts’can be expigiﬁed‘by assuming that 1 component is

due to ismlated metal atoms (atoms of lithium or sodium) in

the xenon and that the otheér compénents: dre -due to inters

-acting pairs of lithium: or' sodium atoms trapped. at non-

neérgst-neigﬁbdr4§i£es, The énergy of the interactiﬁg‘pairs

-of -atoms ‘is -obtained from the -diatomic potential -curves -of

Li,and Nay.

s 2R e e e s e T et o et s e e ot o o e S e o e 4 o o Aot e e e
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THE NEAR ULTRAVIOLET ABSORPTION SPECTRA OF

BENZENE IN ARGON AT 4, 2°K

%

gﬁ _'E. ‘W, Hollier :and C. E. ‘Blount, Journal of Molecular

: Spectroscopy, 19, 456 (1966),

] The near ditraviolet absofption'spectrum of benzene in argon

at 4.29K ‘was examined. The spectruin was found to consist of
two- series of absorption bands separated by 88 cm~!. ‘The
series are :doublets having separations of 7 cm=1 nespectiyeiy.

‘'Thd doublets are attributed to the removal /0f the ézgfdegeneracy

T; by: the field of the argon atoms. The diffejence in the doublet
i separation and the égpargtion‘qf the two series is eviderice

% that the benzehe molecule is in sites in the ardoh matrix

S ) - _ ‘having: different symmeﬁries;

TR

e
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ABSORPTION SPECTRA OF METAL ATOMS IN SOLID XENON

R. B. Merrithew, G. V. Marusak, and C, E. Blount, Journal of

Molecular Spectroscopy, 29, 54 (1969).

The absorption spectra of lithium, sodium, cadmium, andimeréufy
inrsoiid xenon were obtained at temperatures between 4.5 .and
730,0°K¢ The absorption spectra of the trapped atoms exhibit.
multiplets. These multiplets can be éxplained by éssuming
that-ongiéoﬁpdhent is ‘caused by isolated metal -atoms in the.

xenon and(that the remaining conponents are due to -inter-
eacting pairs of :metal atoms trapped at nonnegrestaﬁéighbor
7§ubStithtional sites. 7The energies. of the interacting pairs
;of .atoms- were §btained;from the diatomic potentiai curves.
The éssignmeﬁts of the isplated components were confirméd

:-by concentration studies Qr,bguseleqtive'bleaghihgeofathe

.com~Janents.
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TEMPERATURE DEPENDENCE OF THE MATRIX ISOLATION

SPECTRUM "OF BENZENE

W. T. Timmons, T. Hansen, and C. E. Blount, Bulletin of the

Amefican Physical Sbgiety,4;§,‘284 (1970) ,

The near ultra-violet abscrption spectra of benzene in argen,
krypton, and nitrogen. have been recorded for depdSit‘témpefa-
tures from 4.2°K to 30°K. The spectra exhibits multiple
structures that 'are dependent on the deposit temperature.

The multiples are shown to, result from both benzene molecules
isdlated in the host solid and interacting benzene molecules
trapped at non—neighbopihg'Sites in the:ﬁost lattice. 'The
shift in frequency of the ispigteq band £rom'€hé vapdl<ph§se
was found to be -30cm-1 in argbn, -146 em~l in krypton, and

-50 ¢m~1 in nitfogen; Multiple separations were found to be

86 cm‘l in argon, 84 cm~1 in krypton, and 94 cm‘l in nitrogen.
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THE NEAR ULTRAVIOLET spEc,TRA OF BENZENE IN' INERT SOLIDS

‘Gary Smith, Susan Henry, and.C. E, Blount, Joutnal of Molecular

Spectroscopy (daccepted).

‘The near ultraviolet abgpgptionASpectra of benzene in argon,
krypton, and nitrogen have beéer. :corded for -deposit temper-
aturés from 4;2¢K‘td 309K, The.spectra‘éxhibitamultiple;
structure that are»d@p@ndgpt on‘the'depositvtemperaturé.,
‘These 'multiples can be €kplained by atéSumir}G: -one component
is camed by~ispi§téé benzene molecules in the host solid and
'the‘remaininq'édmponehts-age due to interacﬁingwpairs of
‘benzene molecules' trapped at pbnﬁearest-neighbog sites in

the host.

e
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